ABSTRACT: Differences in taste preference and the levels of extractive components and glycogen were compared between cooked meats of small abalone Haliotis diversicolor fed either gracilar (G-small abalone) or an artificial diet (A-small abalone). Using sensory tests, taste preference of cooked meats was significantly higher for A-small abalone than for G-small abalone. Results of clustering analysis and principal component analysis of chemical data also revealed that the two cooked meats differed from each other in terms of their measured constituent compositions irrespective of sampling periods. Compared with G-small abalone, A-small abalone meats were lower in taurine and arginine, but higher in glycine (Gly), glutamic acid (Glu), alanine, serine, proline, adenosine monophosphate (AMP), and glycogen. It is concluded that the discrepancy in the levels of taste-active components of abalone, such as Gly, Glu, and AMP, is likely to be responsible for the differences in taste preference between G-and A-small abalone cooked meats.
INTRODUCTION
In recent years the production of cultured abalone for consumption has become increasingly important. 1 A number of studies have reported on the dietary value of natural feeds such as diatoms and macroalgae and the development of artificial diets for abalone giving high growth rates. [2] [3] [4] [5] [6] In addition, the effects of diet on muscle yield 3 and proximate composition, 2, 3, 6 lipid composition, 7 extractive components, 2, 5, 8 and glycogen 2 in the tissues of abalone have also been reported. The findings are valuable because chemical composition variations might be related to varying meat quality in cultured animals. 9, 10 Abalone is sought after as a delicacy for its unique taste and texture. 5, 11, 12 It is known that the palatability of fish and shellfish originates principally from the contribution of particular extractive components. 13, 14 According to Konosu, extractive components such as glutamic acid (Glu), glycine (Gly), adenosine monophosphate (AMP), and glycinebetaine (GB) are the taste-active components of abalone. 15 In addition to diet, seasonal variation is also a factor causing changes in the composition of extractive components and the textural properties of abalone 16, 17 and small abalone. 18, 19 In such cases, the season for highest palatability coincides with an increased levels of Glu, Gly, and AMP.
The growth and development of cultured abalone with good flavor qualities is important; however, there is little information on how changes in the abalone's chemical constituents and the taste preference of abalone meat are affected by having been fed different diets. In a previous study on the seasonal variations of chemical constituents in tissues of small abalone fed different diets, the contents of Glu, Gly, and AMP varied considerably among abalone muscle. 19 In the present study, we report further on the differences in taste preference and chemical constituents of the cooked meats of small abalone fed either a gracilar diet or an artificial diet. The taste components that might be the most important factors for the taste qualities of small abalone is also discussed.
Original Article
For free amino acid analysis, a trichloroacetic acid (TCA) extract was prepared by the method of Konosu et al. 21 The free amino acid (FAA) contents present in the TCA extract were determined using an Hitachi L-8500 high-speed amino acid analyser (Hitachi, Tokyo, Japan) according to our previous report. 22 Adenosine triphosphate (ATP) and its related compounds, including adenosine diphosphate (ADP), AMP, inosine monophosphate (IMP), inosine (HxR), adenosine (Ado), and hypoxanthine (Hx), were extracted from the samples with 6% perchloric acid and analysed using high performance liquid chromatography (HPLC) as described elsewhere. 22 According to the method of Gorham, 23 the GB content in the TCA extract was analysed by HPLC on a Partisil 10-SCX column (4.6 mm ¥ 250 mm; Whatman, Maidstone, UK) under the following conditions: mobile phase, 50 mm potassium phosphate buffer (pH 4.6); flow rate, 0.5 mL/min; absorbance at 205 nm.
Glycogen in the TCA extract was measured by a colorimetric method as described by Carroll et al. 24 A volume of 5 mL of 95% ethanol was added to the TCA extract, and the mixed solution was allowed to stand overnight at room temperature. After being centrifuged and drained, the precipitated glycogen was dissolved in distilled water. One milliliter of the solution was mixed with 5 mL of anthrone reagent and heated in a boiling water bath for 15 min, and absorbance at 620 nm was then measured. The content of glycogen was then calculated from the calibration curve using glucose as the standard by multiplying by a factor of 0.9.
Statistical analyses
Statistical analyses including anova, Duncan's multiple comparison test, cluster analysis, and principal component analysis were conducted using Statistical Analysis System (SAS) software (version 6.12).
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MATERIALS AND METHODS
Samples
Live cultured small abalone Haliotis diversicolor fed either gracilar Gracilaria sp. (G-small abalone) or an artificial diet (A-small abalone), were collected from culture farms in Pintung prefecture, southern Taiwan, in 1997-1998. The proximate composition of the artificial diet (n = 3) was as follows: moisture 3.6 ± 0.3% (mean ± SD), crude protein 30.5 ± 1.2%, crude fat 5.6 ± 0.4%, and ash 8.8 ± 0.7%. Sampling was carried out in the same manner as that reported in a previous study. 19 In the laboratory, the abalone were acclimated in aerated seawater at ambient temperature for 2 h. The two small abalone specimens were placed separately in stainless steel trays, wrapped with polyethylene film, and then cooked in a steam cooker for 10 min. After cooling, the meats were removed and used for the experiments. To determine moisture and the extractive components, a group of five cooked meats was pooled and used for each collection, and then duplicated to obtain the mean value. The bodyweight and shell length of the samples (n = 10) are listed in Table 1 .
Sensory test
Each pair of cooked meats of G-and A-small abalone that were sampled from different months was compared using the paired comparison test of Larmond. 20 The two meat samples were served in coded dishes and evaluated by 40 laboratory panelists. The panelists were asked to indicate which sample they preferred for taste and to write down their comments.
Analytical methods
Moisture was measured according to the weight lost by samples that were dried at 105∞C until achieving a constant weight. 
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RESULTS AND DISCUSSION
Sensory test and moisture
We have previously reported that the levels of extractive components and glycogen in the muscle of G-and A-small abalone vary considerably during an annual cycle. 19 Therefore, in the present study, six lots each of the G-and A-small abalone specimens were collected bimonthly over a 1-year period, and their cooked meats were then compared by sensory tests. As shown in Table 2 , all the A-small abalone meats were rated highly for taste preference compared with the G-small abalone meats. The panelists stated that the former was tastier than the latter due to its sweeter taste and a slight but detectable difference in the umami taste. Table 3 shows that moisture in the cooked meats tended to be higher in the G-small abalone, but there were no apparent differences from that in A-small abalone (0.6-3.3%). Table 4 shows the sample contents of FAA, ATP and its related compounds (ARC), and GB and glycogen. There was no significant difference (P > 0.05) in total FAA content between the two types of cooked abalone meats. In fact, on average, the total amounts of FAA were almost the same between the meats of G-(2482 mg/100 g) and A-small abalone (2480 mg/100 g). In comparison, the total amounts of ARC were relatively higher in A-small abalone, but there was no clear difference in GB levels between the two cooked meats. Glycogen levels were found to be higher in A-small abalone than in G-small abalone.
Composition of extractive components and glycogen
The most abundant FAA was taurine (Tau), followed by arginine (Arg), Gly, Glu, alanine (Ala), proline (Pro), and serine (Ser). Among the ARC, AMP was most predominant, followed by ADP. These compounds, as well as GB, were the major extractive components. As seen in raw muscle, 19 the levels of most of the extractive components and glycogen in the cooked meats fluctuated between groups of the two small abalone specimens. In this respect, the mean values of the 38 constituents measured in all samples were combined and submitted to a cluster analysis. From the results of Fig. 1 , G-small abalone values were clustered differently from those of A-small abalone, which implies that the two small abalone meats differed markedly from each other in their quantitative levels of chemical constituents irrespective of the sampling period. Means in the same row with different superscripts are significantly different (P < 0.05). Means in a row from the same sampling date with different superscripts are significantly different (P < 0.05).
a-AAA, a-amino adipic acid; a-ABA, a-amino-n-butyric acid;
g-ABA, g-amino-n-butyric acid.
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Taste components related to taste preference
Compared with A-small abalone, the cooked meats of G-small abalone had higher levels of Tau and Arg, but had lower levels of Gly, Glu, Ala, Pro, Ser, and most of the other FAA, as well as AMP (Table  4) . Based on the anova results, only Gly, Ser, and leucine showed significant differences (P < 0.05) between all pairs of the two cooked meats. In order to see explicit differences between the major extractive components, a principal component analysis was conducted. Table 5 shows the resulting loading coefficients, Eigen values, and proportions. The cumulative proportion of the first and second principal components (PC1 and PC2) accounted for 88.1% of the total variance, with 81.1% explained by PC1. Thus, PC1 adequately explains more than 81% of variations in terms of the characteristics of the major extractive components. Principal component 1 was high in Tau and Arg, and low in Gly. Consequently, all the cooked meat samples were plotted using PC1 and PC2 as the axes. As shown in Fig. 2 , the G-small abalone meats are located in the right two sections and are separated from the left two sections of the A-small abalone meats.
Among the extractive components, Arg, Gly, Ala, Glu, AMP, and GB in snow crab, 26 Arg, Gly, Ala, Glu, and AMP in scallop, 27 and Tau, Arg, Gly, Glu, and AMP in short-necked clam 28 have been recognized as the taste-active components in these shellfish. Konosu has indicated previously that Glu, Gly, GB, and AMP are essential for abalone flavor, but that Tau and Arg were inactive although they were present in comparatively high amounts. 15 He has also indicated that umami and characteristic flavor almost disappeared when either Glu or AMP was omitted from the synthetic extract, whereas the absence of Gly or GB resulted in reduced sweetness and umami taste. Several reports have also demonstrated that increased levels of extractive components after cooking can be attributed to flavor in abalone and kuruma prawn meats, 12, 29 as well as soup of hard clam. 30 In the present study, the small abalone meats had levels of extractive components that were similar to abalone Haliotis discus, 12, 15 with the exception of Glu, Ala, and GB, which were lower, and Tau and Arg, which were higher. Accordingly, it can be seen from the results that only Gly was the taste component that showed significant differences between all pairs of the two small abalone meats (Table 4 ) and had a relatively high component loading coefficient (Table 5 ). This might imply that Gly is the most important factor responsible for the taste preference of the two small abalone meats, and that Tau, Arg, and GB do not cause any difference. The GB contents in the samples of the present study were less than half of the value (975 mg/100 g) in abalone, 15 suggesting that its contribution to the flavour of small abalone was not as much as that to abalone, and that Gly was a key contributor to sweetness. Other sweet FAA, such as Ala, Ser, and Pro, 31, 32 were also detected in fairly high amounts, and their values were usually higher (P < 0.05) in A-small abalone than in G-small abalone. These three amino acids might not be critical taste-active components because they did not compete with Gly in terms of quantity; however, the incorporation of Ala, Ser, and Pro with Gly would lead to a further increased difference in the concentration of sweet amino acids in the two cooked meats. The fact that the sum of Ala, Ser, and Pro accounted for 16-47% (an average of ª30%) of the total amount of sweet amino acids suggests that, together, they might be partially responsible for the sweet taste in small abalone.
The 5¢-ribonucleotides such as IMP, GMP, and AMP might induce a synergistic effect in combination with Glu. 33 The contribution of Glu and AMP to the flavor of abalone and scallop has also been reported and relies on the coexistence of both components. 15, 27 The levels of Glu and AMP in the cooked meats of A-small abalone were almost significantly higher than in those in G-small abalone (Table 4) . Therefore, we consider that, in addition to Gly, both Glu and AMP might also be essential components for flavor in small abalone, and that differences in their combined level is also an important factor affecting the taste preference. Among the chemical constituents measured, glycogen levels between the two cooked meats had the greatest differences. Although glycogen is tasteless, it has been reported previously that the addition of glycogen to synthetic extracts of abalone and scallop improved flavor characteristics and overall taste preference. 15, 27 Conversely, Carefoot et al. found that taste-testers could not distinguish between the foot meat of starved abalone H. kamtschhatkana and those that were fed, although the glycogen contents differed markedly; 34 however, their study did not analyse the constituents that might contribute to the palatability of abalone.
We conclude that the different diets fed to small abalone induced changes in meat quality not only in terms of chemical composition but also in taste preference. In agreement with the findings of Konosu, 15 the results of the present study also show that Glu, Gly, and AMP are the most important taste components for small abalone.
